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OPERATING LARGE MOBILE EQUIPMENT such
as a continuous miner (Photo 1) is one of the most
dangerous jobs that workers perform in under-
ground coal mining. When underground coal is
mined by the room-and-pillar method, rooms are
formed by cutting into the coal bed (seam), leaving a
series of pillars or columns of coal to help support
the mine roof and create passages for the flow of
fresh air. Generally, a completed room is 4.9 to 6.1 m
(approximately 16 to 20 ft) wide and the pillar is 30.5
to 36.6 m (approximately 100 to 120 ft) wide. As min-
ing advances, a grid-like pattern of rooms and pillars
is formed, resulting in entries of horizontal mine
passageways (Figure 1).

The Continuous Mining Process
Typically, to begin a room, the continuous miner
engages in cutting (removal) a 3 m (9.8 ft) wide sec-

tion of coal to a depth determined to be safe based
on local geologic conditions and mining regula-
tions—on average up to 6.1 m. Deeper cuts can be
made (called extended-cut mining) with special per-
mission from state and federal mining regulators.

After the cut coal is loaded onto haulage vehicles,
the operator then backs the continuous miner out of
the partially formed room, repositions the machine,
and reenters to begin removing an additional 3 m
section of coal to produce a wider entry. This process
is repeated until a section of the seam is removed,
forming a room approximately 12.2 m (approxi-
mately 40 ft) long and 6.1 m wide,

By law, roof support is required before continuing
to extend the room’s depth or culting perpendicular
to the room. Therefore, to allow other equipment to
install roof support, the continuous miner is
trammed (moved) to another location to begin cut-
ting another room. Throughout the mining sequence,
when forming rooms or tramming to another loca-
tion, the machine operator, helpers, crew boss, main-
tenance mechanics and other equipment operators
are put at risk by close proximity to the continuous
miner machine and other hazardous situations asso-
ciated with mining underground coal.

MSHA accident data from 2002 to 2006 indicate
that the coal industry averages 6,407 accidents per
year in underground mines, Of those total accidents
per year, 21% (1,345) involve mobile face equipment,
which includes continuous miners, roof bolters and
haulage vehicles for underground mines; 4% (286)
occurred while operating continuous mining
machines. Unfortunately, in relation to this study,
MSHA accident investigation reports do not contain
sufficient information to aid in studying interactions
between a machine and its operator. Consequently, a
survey consisting of a questionnaire was used to
gather pertinent information about operating a con-
tinuous miner in underground coal mines.

In the past, a continuous mining machine was



operated and controlled by
an operator seated in the
onboard machine cab. New
remote control technology
allows operators more flexi-
bility to position themselves
to better view the work envi-
ronment. Unfortunately, it
has also allowed operators to
position themselves in haz-
ardous positions.

The use of radio remote
control frees operators from
the onboard cab and allows
them to select any operating
position within their line of
sight. While cutting coal remotely, the operator typi-
cally takes a work position behind and to one side of
the machine behind the last row of roof support. In
high coal seams, where the machine is less of an
obstruction, the operator trams the continuous
miner using a remote control while walking near the
rear of the machine. In low coal seams, the operator
cannot see over the machine from the rear, so s/he
trams the machine using a remote control while
walking near the front of the machine.

However, operators tend to step alongside a
moving continuous miner or beyond the supported
roof for a better view while coal cutting or tram-
ming. Adding to this hazard is restricted work space
with reduced visibility. The work environment in
found in low coal seams of 15.7 cm puts continuous
miner operators and helpers in awkward work pos-
tures for the job, with tasks requiring quick reactions
to avoid being struck by moving equipment.

Research has confirmed that modern mining prac-
tices and new technology have increased the risks
involved in continuous miner machine operation.
Bauer, Steiner and Hamrick (1994) report that the
practice of extended-cut mining has increased opera-
tors’ tendency to position themselves in hazardous
locations. Additionally, Steiner, Turin and Hamrick
(1994) state that an unforeseen consequence of remote
control technology is that operators can position
themselves in dangerous or hazardous locations
which could result in a fatality or injury from possible
roof falls, mine wall breakouts, pmch points or other
vehicle traffic. Finally, Lewis (1986) notes that low
lighting conditions and restricted visibility found in
many mines further complicate the tasks involved in
operating equipment such as continuous miners.

The mining industry uses an operator guideline
called red zones to help operators of remote continuous
miners understand and avoid dangerous areas
around the turning radius of the machine. While the
concept of the red-zone technique, a pictorial go/no-
go chart—developed by MSHA and the Virginia
Department of Mines, Minerals and Energy (MSHA,
2004)—has been around for several years, fatalities
and injuries continue to occur with moving machinery
underground. The red-zone guide only addresses
potential hazardous situations, ignoring the issue of

Photo 1: Operating large mobile equipment such as a continuous miner is one of
the most dangerous jobs that workers perform in underground coal mining.

Figure 1: When underground coal is mined by the

room-and-pillar method, rooms are formed by cut-
ting into the coal bed, leaving a series of pillars or
columns of coal to help support the mine roof and
create passages for the flow of fresh air.

what operators need to see and consequently where to
position themselves in order to perform their jobs.

Human/machine interactions and behaviors
should be considered in equipment design and work
environment layout. After analyzing the data pre-
sented in this article, one can see that the practice of
operators positioning themselves in a hazardous
position in order to see visual attention locations
(VALs) may be a major contributing factor to injuries.

A VAL can be defined as either a discrete point
such as center of the cutting head or a general area
that an operator visually scans such as the mine
rib. Previous studies by Sanders and Kelley (1981)
have provided a baseline of VALs that identified fac-
tors associated with cab-mounted operation of con-
tinuous miners. However, the information is not
completely applicable to today’s remote control oper-
ation. Approaches to determining operator VALs
were also developed by Cornelius, Steiner and Turin
(1998), who identified operator visual cues in extend-
ed-cut mining based on coal miners’ experience.

The purpose of the study described here was to
perfect a method of gathering information on work
positions and VALs needed by operators during the
cutting phase and while the continuous miner trams
to a new location. This study precedes a future in-

Abstract: Underground
coal mine mobile equip-
ment is often operated
in a restricted workspace
with reduced visibility.
This puts machine oper-
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Table 1, p. 30), listing locations where the operator
might look while controlling the machine and with
what frequency (i.e., always, sometimes, never).
These tables made it easier for operators to formulate
their responses by identifying VALs that they would
use and provided them the opportunity to discuss
probable reasons for their choices. This information
helped researchers determine the importance of the

Table 2

VAL Frequency Cutting

When you take a straight cut from where you are normally located, how

often do you use the following as reference points?

Things you look at

How often

Always

Sometimes

Never

Edge of the machine on the side you
are on

Center line of the machine

L ow

Back end of the boom

Cutting head bits
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How far the boom swings

Spray nozzles

Haulage vehicle inby bumper

Haulage vehicle operator

Floor at the face
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Roof at the face
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Right edge of drum

Left edge of drum

Center or other point on the drum

Ribs on left side of miner

Ribs on right side of miner

Laser beam/spot
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Center line of entry
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When taking a straight cut from where you indicated you normally

position yourself, do any of these things block your view of things you

need to see?
How often

Things that block your view Always | Sometimes | Never
Glare of machine lights - 7 5
Machine light housing = 2 10
Spray from nozzles 2 4 6
Steam from bits il 2 10
Dust 8 3 1
Ventilation system (response reflects
both or just one system used)

Brattice ol 2 4

Tubing 3 2 3
Coal piles on machine 2 6 4
Bolter operator on miner bolters—not
all mines use this machine ) 2 b
Do you ever turn the drum off for ) 5 7
visibility

operators’ choice in their responses associated with
each VAL listed in the tables.

After completing each interview, responses were
examined for possible adjustments to the survey.
The first three interviews led to minor adjustments,
such as rewording a question, changing question
sequence, or modifying contents to clarify a table or
an illustration. The changes were considered effec-
tive when the operators being interviewed no longer
asked for clarification on the questions or had sug-
gestions to make the questions clearer. These adjust-
ments were made for clarity and flow of the
interview and would not have changed responses
from the three previous interviews.

Data Analysis

The data revealed three types of cues an operator
uses to control the machine: visual, audible and tac-
tile. The operator responses indicated that VALs
were the most important and that the other cues
were used as substitutes when visual information
was obscured or restricted. After an interview had
been reviewed and analyzed, it was validated by
observing interviewed operators performing their
jobs. This verified that they were constantly 1) mon-
itoring multiple VALs by scanning the work area;
2) checking machine feedback during operation; and
3) routinely observing the location of other workers
and equipment in close proximity of the work area.
In addition, it was observed that operator location
could be dynamic, changing as the situation
required. Figure 2 (p. 31) shows the frequency with
which operators identified specific work positions
curing both the cutting and tramming tasks.

The VALs and the work positions that the opera-
tors considered vital were consistent from mine to
mine. Table 2 summarizes data collected on visual
attention locations for the cutting phase and Table 3
presents data for the tramming phase. VALs are
defined as a general area around the machine, a spe-
cific point on the machine, or a mobile object such as
another person or machine around the continuous
miner machine. Some VALs are machine appendages
associated with a direction of movement such as
up/down, swing left, swing right or swing centered.
Those VALs around the continuous miner that have
movement—such as people and other machine oper-
ators—are defined as mobile to imply the possibility
of moving in any direction.

Many VALs are the same for both the cutting and
tramming phases, although the reasons for their
importance may differ. For example, in the cutting
phase, the tail of the continuous miner is watched
while loading the haulage vehicle with coal. In the
tramming phase, the operator watches the machine’s
tail to avoid hitting the roof when uneven floor caus-
es the machine to undulate or when turning a comer
to avoid striking the side of the coal seam.

As expected, the data showed that the line of
sight to VALs plays a major role in the operator’s
decision on where to stand during the job. Ob-
serving operators underground proved to re-
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